Résumé. 2014 On étudie la distribution énergétique des polarons magnétiques liés au donneur dans les alliages CdMnS et CdMnSe, grâce à la diffusion Raman par spin-flip. L'influence des fluctuations magnétiques sur les formes des raies est mise en évidence. On apporte aussi une preuve du superparamagnétisme des moments géants associés aux polarons magnétiques.
Introduction
The influence of Mn+ + ion d-shells on delocalized electron states (band electrons) was the first stage of studies in semimagnetic semiconductors (SMSC) [1] . Then, bound magnetic polarons (BMP) were evidenced around donor or acceptor centres in these' materials [2, 3] . The importance of fluctuations in these experimental observations was pointed out by Dietl and Spatek [4] , and other various theoretical treatments of these effects in SMSC were stimulated [5, 6] .
The aim of this paper is to present experimental results of spin flip Raman scattering (SFRS) on BMP at several temperatures and to throw some light on the influence of fluctuations by explicitly explaining the experimental lineshapes. Before going further into details we have to specify that we do not deal in this paper with the problem of acceptor centres : in that case, composition fluctuations smear out experimental results and the theoretical description of magnetic fluctuations is complicated due to the non validity of the linear approximation for the susceptibility [7, 8] .
ExperimentaL
Two different wide gap semimagnetic alloys were studied : CdMnSe and CdMnS, both growing in wurtzite crystalline structure and of n-type without intentional doping. Recently, SFRS from donors has been observed in both materials [2, 5, [9] [10] [11] . We will present detailed results on Cdo,9sMno,osse and CdO.85MnO.15S compounds. Zero-field SFRS experiments were carried out using a standard experimental apparatus including an adjustable temperature cryostat. To/get zero-field SFRS spectra with sufficient separation fr the elastic scattering requires some additional precautions : in order to reduce elastic scattering, the exciting polarization was parallel to the wavevector of scattered photons (a possible scattering configuration is shown in figure 4 ). In addition, exciting light-energy has to be properly selected to find an optimum between the resonance effect (which increases the SFRS intensity) and the residual absorption from exciton states at higher energies. We used a CW dye-laser excitation in which is a well known solution of the random-walk problem [12] . The energy is written :
where a labels the eigenstates of the BMP : a = :t 1/2 depending on whether the donor spin is parallel or antiparallel to s (let us recall that there is no particular direction in the problem, as there is in a Zeeman effect).
In an SFRS experiment, donor-BMP states with Q =1/2 (a = -1/2) contribute to Stokes (antiStokes) scattering. In other words no averaging of the donor electron spin is expected from this experiment. This is where our stand-point differs from the first paper by Dietl and Spatek [4] . Consequently the scattering event associates a shift L1 = -2 E,,,(s) to each donor-BMP (with the appropriate sign convention that Stokes shift is positive).
Thus, the SFRS lineshape reflects the density of states given by equations (2) , (3 where N is the number of Mn+ + ions inside the « box », and thus x is the low-field susceptibility per unit volume of these independent classical spins.
Note that other quantities may be calculated from equations (2) , (3) where M(r) is the local magnetization and H(r) the local exchange-equivalent field, both being parametrized as a function of « spin-splitting vector » A.
In the « box » model :
which rapidly becomes However, the transition from equations (11) to equations (8) and (4) is far from obvious in the general case, although it may be grounded on common sense arguments [4] . It requires rigourous justification such as those in [4, 5] and also depends on the validity of Gaussian approximation for the susceptibility (see a more general discussion in [8] ).
We shall consider in the following that we remain in the validity range of Gaussian approximation, which allows us to use the Landau free-energy functional approach and thus to generalize equations (10) to any form of the envelope-function.
Using a hydrogenic-type donor envelope function, Dietl and Spatek derived equation (11) Table I ). A comparison of this type has been done by Ryabchenko and Semenov [13] using a different starting point. To conclude this section, we point out that equations (6) and (7) On the one hand, high field magnetization datamay be described by [14] where So is smaller than the ideal paramagnetic saturation value, S = 5/2, and To is an effective positive temperature.
On the other hand, low-field susceptibility measurements may fit the empirical relation where TAF is an effective temperature which differs from To (see for example the results concerning Cdo.977MUo.o23S in [10] In CdMnS with x = 15 %, which seems to be poorer quality material, the magnetic fluctuations only account for part (~1.5 meV) of the total broadening (~ 2.5 meV). This order of magnitude remains unchanged in an external field, as found in [11] , which excludes inhomogenous broadening due to composition fluctuations. Thus the linewidth should be explained by more complicated effects.
BMP alignment
We now present a complementary experiment which evidences the alignment of BMP, that is of the local magnetization, along a weak external field.
The experiment makes use of SFRS polarization selection rules [15] . Let figure 4 , X(Z, ± ) Z. Exciting polarization is parallel to the c-axis and magnetic field direction (referred to as the z direction), and scattering is collected along the same z direction, with selection of the circular polarizations (referred to as u + and 03C3-). (17) where Ne is the effective number of Mn + + ions inside the sphere of radius ae, which is the effective radius defined in section 3 (see Table I ). 
